Background
==========

Childhood obesity is of increasing concern in the United States: over the past 30 years alone, obesity has increased twofold in children and threefold in adolescents \[[@B1]\]. In 2012, nearly one third of children and adolescents were overweight or obese, with almost 17% classified as obese \[[@B2]\]. Though prevalence of overweight and obesity in United States pediatric populations has not significantly increased over the last decade, it also hasn't significantly decreased \[[@B2]\]. This is highly concerning, given that obesity in childhood is associated with the development in adults of chronic diseases such as diabetes, hypertension, and dyslipidemia; pulmonary and sleep disorders; and emotional or psychosocial problems (rev. in \[[@B3]\]).

Within the United States, Georgia ranked 17th in 2010 \[[@B4]\] in terms of the prevalence of childhood obesity (a decrease from being ranked 2nd in 2007 \[[@B5]\]), with an estimated 16.5% of children 10--17 years old being categorized as obese \[[@B4]\]. In an analysis of 2007 data, compared to children from Oregon (the state with the lowest prevalence of childhood obesity), children from Georgia had over two times the odds of being obese, after adjusting for age, race, SES, and other confounders \[[@B5]\]. Georgia also has a high prevalence of adult obesity, with nearly a third of adults in 2012 being categorized as obese \[[@B4]\]. As adult obesity is often preceded by childhood obesity, this number is unlikely to go down unless childhood nutritional status is improved in Georgia.

Research has shown that activity patterns developed during childhood can be maintained into adulthood, making it even more important to encourage children to adopt health-enhancing behaviors during this critical period \[[@B6]\]. Adopting lifestyle habits like regular physical activity can lower the risk of becoming overweight or obese and developing chronic diseases such as obesity (rev. in \[[@B7],[@B8]\]). Research also suggests that, in addition to offering critical health benefits, fitness and physical activity are related to improved academic performance \[[@B9],[@B10]\].

Though interventions to address the childhood obesity epidemic have been developed for diverse settings, school, particularly elementary school, has often been a popular choice, given that most children spend a substantial portion of their waking hours at school. Schools also provide the opportunity to reach children regardless of their ethnicity or socio-economic status (SES), both of which have been shown to be associated with increased risk of obesity \[[@B3],[@B5]\]. For this reason, much of the research on reducing childhood obesity has involved integrating prevention and/or intervention activities into school curricula. A recent meta-analysis of school-based obesity reduction programs found that most programs target increased physical activity (23%), education regarding nutrition and physical activity (12%), or both (65%) \[[@B11]\]. Some also included environmental modifications (e.g., removal of vending machines selling unhealthy items; 14%) or behavioral education elements (e.g., teaching decision-making or self-esteem; 28%) \[[@B11]\]. These strategies are consistent with evidence-based recommendations to increase children's physical activity in the school setting and promote healthful attitudes and behaviors with respect to nutrition and activity \[[@B12]\]. The results of this meta-analysis suggested that school-based programs can cause a moderate, but significant, decrease in child body mass index (BMI) \[[@B11]\]. Furthermore, a recent Cochrane analysis suggested that school-based programs can result in increased moderate-to-vigorous physical activity and improved fitness measures in children \[[@B13]\].

To address the problem of obesity among elementary school-age children in Georgia, HealthMPowers was founded in 1999, in collaboration with the Centers for Disease Control and Prevention (CDC), Children's Healthcare of Atlanta (CHOA), and the Rollins School of Public Health, Emory University. Based on the advice of this council, as well as the results of a needs assessment conducted with teachers and administrators, the decision was made to focus on elementary school students, given the importance of fostering healthy habits early in life, and the potential for students to continue these habits as they grew. The HealthMPowers initiative was started by two parents who wanted to ensure students made healthier choices. This program utilizes evidence-based programming in a unique, integrated, and holistic approach designed to improve the health of an entire elementary school---including students, staff, and administrators, as well as family members. By targeting all of these stakeholders, HealthMPowers reinforces the message of healthy change in accordance with the tenets of Social Learning Theory \[[@B14]\], Ecological Perspectives on Health Promotion \[[@B15]\], and the Theory of Behavioral Intention \[[@B16]\]. School staff can become models for change in students. When families are also engaged by the classroom teacher to address physical activity and nutrition, then all of the most important individuals in a student's life, including other students, become role models and create a support system for making healthy choices. Further, this program uses a variety of strategies---instruction, screening, social support, policy, and environmental changes---to reach all of these target populations. School staff are trained to assess their own progress and to make personalized action plans, while being supported with resources, technical assistance, and guidance from experts at HealthMPowers.

The HealthMPowers initiative was never designed to be a research study. It was a practice-based initiative that was designed to use data to assist teachers and families in understanding the need for healthier choices among students, and in turn promoting these choices. HealthMPowers has been collecting and sharing the student, staff, and school policy and programming data with participating schools since 2003. Because the data was collected not as part of a research study but to support a process of continuous improvement within each school, results have not been shared with the broader scientific community. However, these results are enlightening given the unique characteristics of this program. Even though no control group has been used, the collective data from all schools over a period of 11 years has demonstrated repeatedly that major improvements in physical activity choices and fitness levels can be made in the students who participate in the initiative. Further, HealthMPowers works with the school staff to improve their understanding of health issues, which enables them to become the primary trainers and advocates for the changes made in school policy and programming, in turn empowering schools to maintain the continuous improvement process even after the three-year engagement with HealthMPowers has ended. While many school-based programs have focused largely on white populations \[[@B7]\], HealthMPowers's students come primarily from minority backgrounds (53% black, 17% Latino, 24% white) and low SES families, with the average free and reduced lunch rate being 78% (average for 2012 - 2013 over all three cohorts), with the average free and reduced lunch rate being 78%.

The goal of this article is to describe the HealthMPowers program and the impact that it has had on elementary students in schools throughout Georgia, comparing school and student health indicators collected at baseline and measured throughout the duration of the three-year intervention. Specific aims are to: 1) examine the change in student knowledge and behaviors related to healthy eating and physical activity; 2) assess changes in student fitness levels, as measured via performance on the Progressive Aerobic Capacity Endurance Run (PACER) interval running test \[[@B17]\]; 3) determine changes in student health and body composition as measured via anthropometrics (specifically looking at BMI-for-age Z scores); and 4) examine changes in the school health environment, as measured via a tracking tool designed by HealthMPowers but based upon CDC guidelines \[[@B18],[@B19]\]. Taken together, these indicators will provide the reader with an overall picture of the work that can be accomplished through a comprehensive program such as HealthMPowers, particularly with respect to the initiative's primary goal of improving students' adoption of healthy behaviors.

Methods
=======

The HealthMPowers program (intervention)
----------------------------------------

The HealthMPowers program is a three-year, school-wide intervention based on evidence-based guidelines established by the CDC to promote healthy eating and physical activity in schools. The key objectives of the intervention are to: 1) increase health, physical activity, and nutrition education as well as physical activity opportunities for students and staff in school; 2) improve student and staff knowledge about healthy eating and physical activity; 3) improve student and staff health behaviors; and 4) improve school health programs, policies, and environments.

A continuous improvement model is used to make these changes, wherein HealthMPowers provides a team from each school with regular trainings (three times per year), access to a HealthMPowers educator for technical assistance, educational resources, and in-school services (including staff health screenings), along with program assessments to implement and sustain improvements over time (Table [1](#T1){ref-type="table"}). Consistent messaging on nutrition and physical activity is integrated daily into curriculum and activities by trained school staff, including classroom teachers, special area teachers, nutrition managers, counselors, and administrators. These messages are supported by educational resources such as classroom exercise DVDs, activity booklets, and lesson plans, which HealthMPowers provides to participating schools. Programs such as "Catch a Teacher Being Healthy" and "Catch a Parent Being Healthy" help to reinforce healthy behaviors among these stakeholders and support them to serve as role models for the children. Yearly school-wide events (e.g., themed assemblies and exhibits) are also used to reinforce the messages of healthy eating and physical activity. A School Health Team (comprising, at a minimum, those school staff participating in the team trainings) is designated to champion the process and monitor progress. Data on student fitness, knowledge, and behavior are collected annually by HealthMPowers along with school policy and program data; these are shared with each school to help staff to understand their school environment and motivate them to engage in improving school-wide physical activity and nutrition programs, policies, and environments.

###### 

Description of training, resources, in-school services, and assessment activities provided by HealthMPowers to participating schools

  **Program element**                                                                                                                                                                                                                                    **Description**
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ----------------------------------------------------------------------------------------------------------------------------
  *Training*                                                                                                                                                                                                                                             • School health team of 3--5 individuals
    ○ Provide a foundation for implementation and sustainability of the HealthMPowers intervention                                                                                                                                                       
    ○ Trained school staff are expected to train colleagues                                                                                                                                                                                              
    ○ HealthMPowers will provide on-site training of staff for schools who request it, but online recorded trainings are always available to boost team members' skills                                                                                  
  • Three HealthMPowers trainings each year to provide professional guidance and technical assistance regarding:                                                                                                                                         
    ○ Assessing baseline health school programs, policies, and environment                                                                                                                                                                               
    ○ Developing an action plan                                                                                                                                                                                                                          
    ○ Implementing HealthMPowers materials and curriculum                                                                                                                                                                                                
  • Annual refresher training of school staff on collection of height, weight, and fitness data                                                                                                                                                          
  *Resources*                                                                                                                                                                                                                                            • Resources and teaching aids consistent with Georgia Performance Standards and Common Core State Standards
    ○ Facilitate integration of health education and physical activity instruction into the school day                                                                                                                                                   
    ○ Includes activity booklets, classroom exercise DVDs, integrated lessons, family-based reinforcement activities                                                                                                                                     
  *In-School Services*                                                                                                                                                                                                                                   • Student-focused: School-wide assemblies, student classroom lessons, 10-station exhibit about the human body (1 per year)
  • Staff-focused: Staff wellness support                                                                                                                                                                                                                
  *Assessment*                                                                                                                                                                                                                                           • Data collected and analyzed by HealthMPowers and school staff
    ○ First year: baseline data on school practices and policies collected to determine strengths and areas for improvement; student knowledge, self-reported behaviors, and fitness data collected at the beginning and at the end of the school year   
    ○ Subsequent years: data on school practices and policies collected to determine strengths and areas for improvement; student knowledge, self-reported behaviors, and fitness data collected at the beginning and end of the school year             
  • Schools may also request yearly assessments of staff health risk and staff fitness                                                                                                                                                                   
  • Yearly report from HealthMPowers to each school; also provides assessment tools that schools can use after completing the program                                                                                                                    

HealthMPowers has an actual cost of \$30 per student (as determined by HealthMPowers calculations), but the majority of this cost is subsidized by various grants and sponsors. Schools are asked to provide release time for their School Health Team members to attend three full-day trainings annually as their financial investment into the program. Table [1](#T1){ref-type="table"} lists the training, resources, services, and assessments provided by HealthMPowers to participating schools.

Study design and school population
----------------------------------

Schools self-select into the HealthMPowers program, which they may learn about from the school district, other schools, or directly from HealthMPowers. Though the HealthMPowers program design is based on the Centers for Disease Control and Prevention's published guidelines \[[@B18],[@B19]\], the specific combination of elements, as well as the pace of their implementation, has not been formally tested for efficacy or effectiveness.

This paper utilizes data collected during the 2012 -- 2013 and 2011 -- 2012 school years for three recent cohorts of HealthMPowers elementary schools in different stages of program implementation---those initiating partnerships in 2010, 2011, and 2012---as representative of the HealthMPowers experience. Knowledge and behavior indicators are measured at the beginning (September -- October) and end (April -- May) of each year (as well as at baseline, prior to initiation of the HealthMPowers program). All fourth and fifth grade students were measured on fitness indicators in 2012 -- 2013, with fifth graders also measured in 2011 -- 2012; over the 2011 -- 2013 school years, knowledge data was collected for all third grade students in the 2011 and 2012 cohorts as well as for fourth graders from the 2010 cohort, while over the 2011 -- 2012 school year, data was also collected for third though fifth graders in the 2011 and 2010 cohorts. Individual students were not followed for more than one year at a time.

During the 2012 -- 2013 school year, 61 schools worked with HealthMPowers using its comprehensive three-year program model; these schools were spread across 19 districts. The intervention reached over 39,272 students and their families, along with over 2,604 school staff. Schools self-select to work with HealthMPowers and may pursue various funding sources in order to subsidize the service fees. Of these schools, only those which collected all data measures listed below (40 schools) were included as a part of this study.

As the program was administered at the school level, all students within each participating school are considered to be exposed, though not all measures were available for all students. All students with available data were included, though missing values were assigned for non-biologically plausible values, as described below under "Student-level Indicators".

Data collection and outcome evaluation (measures)
-------------------------------------------------

### Student-level indicators

Student-level progress is assessed in several domains: knowledge, behavior, and fitness. Knowledge and behavior are assessed via a student questionnaire administered at the beginning of the school year (during the pre-intervention period, September -- October) and at the end of the school year (April -- May). "Correct" or "optimal" responses (based on whether or not students meet the Georgia health education state standards and national health recommendations \[[@B20]-[@B24]\]) accrue points, while "incorrect" or "sub-optimal" responses do not, and overall performance is measured via the mean percentage of points accrued out of the total possible points by section and overall. Student progress is also measured by whether or not students improve their scores over the course of the school year. For the 2012 cohort, data was available for third-graders over the 2012 -- 2013 school year. For the 2011 cohort, data was available for third-graders over the 2012 -- 2013 school year and for third -- fifth graders over the 2011 -- 2012 school year. For the 2010 cohort, data was available for fourth graders over the 2012 -- 2013 school year and for third -- fifth graders over the 2011 -- 2012 school year.

Fitness is measured both by body mass index (BMI) and by performance on the Progressive Aerobic Cardiovascular Endurance Run (PACER) test measuring cardiovascular fitness. BMI is calculated from student height (inches) and weight (pounds), as measured by HealthMPowers-trained school personnel at the beginning and end of the school year. These values are converted to age- and sex-specific BMI-for-age Z scores, using the CDC growth curve references and calculated with a SAS macro created by CDC \[[@B25]\]. For the purposes of this analysis, "pre" and "post" dates were fixed across schools at September 15 and April 15, respectively, although in practice, testing dates often varied by several weeks from school to school. This was necessary to reflect changes in the students' ages, as not all schools provided complete data on "pre-test" dates. Student performance on the PACER is measured in absolute number of laps completed, and students are assessed on whether their performance improved, decreased, or remained the same over the course of the school year. For the 2012 cohort, BMI and PACER data was available for fourth- and fifth-graders for the 2012 -- 2013 school year. For the 2011 -- 2012 cohort, BMI and PACER data was available for fourth- and fifth-graders for the 2012 -- 2013 school year. For the 2010 cohort, BMI and PACER data was available for fourth- and fifth-graders for the 2012 -- 2013 school year, and for fifth-graders for the 2011 -- 2012 school year.

### School-level indicators

Self-assessment of school-level progress is assessed by a tool created by HealthMPowers to measure different facets of program implementation. Schools use this "Continuous Improvement Tracking Tool" (CITT) to self-assess their policies and programs both at baseline and at the end of each school year (April -- May). CITT data is available for the 2012 -- 2013 school year for all cohorts, for the 2011 -- 2012 school year for the 2011 and 2010 cohort, and for the 2010 -- 2011 school year for the 2010 cohort. The CITT instrument, set up as a rubric, is administered during trainings and is completed by the School Health Team. The rubric includes a number of indicators designed to measure the following categories of school health in regard to physical activity and nutrition: student health education (e.g., number of hours per year of health instruction), physical education (PE) and physical activity (PA; e.g., frequency of each), staff wellness (e.g., dedicated time at staff meetings), family involvement (e.g., provision of health information to families), activities of the School Health Team (e.g., assessment activities), and school environment (e.g., implementation of physical or cultural changes such as removing unhealthful food from vending machines). For each indicator in the various categories, there are four degrees of implementation (Needs Improvement, Making Progress, Healthy School, Model Healthy School). The descriptions of these degrees are based on the intensity and comprehensiveness of activities within each indicator. For instance, within the "school environment" category, a "Model Healthy School" would have implemented at least four policy changes since beginning to work with HealthMPowers, e.g., stocking vending machines with healthy items, disallowing the withholding of physical activity as a punishment, disallowing the use of food as a reward or punishment. The School Health Team self-rates each item on the CITT, assigning their school to a level based on the descriptions of each level. For the present report, we consider mean scores on each category, as well as a mean overall "School Health Score", created by summing the scores for each facet. Given that the CITT is specifically designed as a self-assessment tool, results should be interpreted as subjective measures of school progress in regard to their baseline assessment.

Data management, cleaning, and statistical analysis
---------------------------------------------------

Data were entered into Microsoft Excel spreadsheets. Excel and SAS, v. 9.2 (Cary, NC) were used for data analysis. Data cleaning was performed, and biologically implausible values for BMI were set to "missing". Observations with biologically implausible values for changes in height or weight were also excluded. Schools that were missing complete data on one or more measures of interest were excluded from the analysis. These totaled 21 of 61 schools, leaving 40 schools for the present analysis.

School self-assessment of practices and policies was measured via the tracking tool described above, with mean yearly scores compared year-on-year; a paired two-sample t test was used to assess changes. Improvement in knowledge, behaviors, and self-efficacy was assessed via questionnaire, with means (stratified on grade, cohort, and data year) compared using paired two-sample t tests. Changes in student BMI and PACER performance were also assessed by comparison of means using paired two-sample t tests and stratifying on gender, grade, cohort, and data year. Differences of improvement category for the PACER test (i.e., improve, maintain, or decrease score) were assessed via Chi-Squared tests. To account for multiple comparisons, an alpha level of 0.0005 was considered appropriate.

Ethical approval
----------------

The HealthMPowers program was not designed as a research study, but rather as a comprehensive practice-based initiative based upon strategies recommended by the Centers for Disease Control and Prevention (CDC) for improving healthful behaviors around physical activity and nutrition in school settings. Because the data for the present analysis was fully de-identified and not originally collected for research purposes, this analysis was declared not human subjects research, and did not require IRB approval.

Results
=======

Overall, 40 elementary schools with data on all indicators of interest were included in the present analysis: 12 schools that began the HealthMPowers program in the 2012--2013 school year ("2012 cohort"), 22 schools that began the HealthMPowers program in the 2011--2012 school year ("2011 cohort"), and 6 schools that began the HealthMPowers program in the 2010--2011 school year ("2010 cohort"). The mean number of students per school ranged from 533 (2010 cohort) to 609 (2011 cohort) (Table [2](#T2){ref-type="table"}). Included schools were not significantly different from non-included schools in terms of total number of students or number of students by race; the mean percentage of students receiving free or reduced lunch was moderately higher among the non-included schools (87.5% vs. 78.2%; p = 0.025), though the mean number of students receiving free or reduced lunch was not significantly different by inclusion status (p = 0.876).

###### 

**2012**--**2013 demographics of 40 schools participating in HealthMPowers program and providing data on child knowledge and behavior, fitness (BMI, PACER test), HealthMPowers resource usage, and school policies and practices**

  **School cohort**                                  **Year 1 (n=12)**   **Year 2 (n=22)**   **Year 3 (n=6)**
  ------------------------------------------------- ------------------- ------------------- ------------------
  **School characteristic**                                                                          
  Number of students K -- 5 *(mean \[total\])*^1^       563 (6756)         609 (13,394)         533 (3197)
  Free/Reduced Lunch *(%)*^2^                               69%                 79%                92%
  \# of K -- 5 teachers *(mean)*^3^                         38                  43                  36
  Race/Ethnicity *(%)*^4^                                                                            
   White                                                    51%                 18%                36%
   Black                                                    26%                 61%                47%
   Hispanic                                                 1%                  14%                14%
   Asian/Pacific islander                                   18%                 2%                  1%
   Native American                                          0%                  0%                  0%
   2 or more races                                          4%                  5%                  2%

^1^Mean number of students per school (total number of students per cohort).

^2^Percentage of students per cohort receiving free or reduced lunch.

^3^Mean number of K -- 5 teachers per school.

^4^Percentage of students per cohort identifying as each race/ethnicity.

Demographics varied by cohort, with the percentage of children receiving free or reduced lunch ranging from 69% (2012 cohort) to 92% (2010 cohort). The percentage of children in the 2012 cohort who were white (51%) was greater than the corresponding proportion in the other cohorts (18% and 36% for cohorts 2011 and 2010, respectively). The 2012 cohort also had a lower percentage of children reporting black race (26%) as compared to the other cohorts (61% and 47% for the 2011 and 2010 cohorts, respectively).

Overall teacher-reported usage of HealthMPowers resources (compliance) was high, particularly for student and teaching resources such as school-wide assemblies (91-100%, depending on cohort), model lessons (95-100%), and educational DVDs (91-100%) (Table [3](#T3){ref-type="table"}). Student and teacher newsletters were utilized less frequently, though family newsletters were popular among schools.Across all cohorts, significant improvements in student knowledge, behavior, and self-efficacy were seen generally across categories, particularly for schools in their first or second year of the program. Increases in knowledge were generally higher than increases in other categories. For students measured in 2012--2013 during the second year of the HealthMPowers program, mean student scores significantly increased over the course of the school year, with the greatest magnitude of change seen for knowledge (p \< 0.0001; Figure [1](#F1){ref-type="fig"}). Changes were less significant for the 2010 cohort of 4th graders completing their third year of the program (p = 0.3884 for overall change; 2012--2013), as well as 5th graders from the 2010 cohort measured in their second year (p = 0.0025 for overall change; 2011--2012); these students generally had higher scores to begin with, as compared to third graders. (Data available upon request).

###### 

**2012**--**2013 Reported usage of HealthMPowers resources (any usage vs. none), by cohort year in the program for the 40 schools participating in the HealthMPowers program and providing data on student knowledge and behavior, fitness measurements (BMI, PACER test), HealthMPowers resource usage, and school policies and practices**

  **School cohort**                                 **Year 1 (n = 12)**              **Year 2 (n = 22)**    **Year 3 (n = 6)**              
  ------------------------------------- -------------------------------------------- --------------------- -------------------- ------- --- --------
  **Resources**                          *Resource usage (frequency, percentage)\**                                                         
  *Student and teaching resources*                                                                                                           
  School-wide assemblies or body walk                        11                      (92%)                          20          (91%)    6  (100%)
  Topical books                                              11                      (92%)                          17          (77%)    6  (100%)
  Educational exercise DVDs                                  12                      (100%)                         20          (91%)    6  (100%)
  Activity kits and materials                                12                      (100%)                         21          (95%)    6  (100%)
  Model lessons and teaching material                        12                      (100%)                         21          (95%)    6  (100%)
  Student newsletters                                        10                      (83%)                          17          (77%)    5  (83%)
  Student health advocate club^†^                           N/A                      N/A                           N/A          N/A      1  (17%)
  *Family resources*                                                                                                                         
  Family newsletters                                         12                      (100%)                         21          (95%)    6  (100%)
  Family activities^†^                                      N/A                      N/A                           N/A          N/A      4  (67%)
  *Staff resources*                                                                                                                          
  Health/Fitness screenings                                  12                      (100%)                         18          (82%)    5  (83%)
  Trainings                                                  12                      (100%)                         20          (91%)    5  (83%)
  Posters                                                    11                      (92%)                          19          (86%)    5  (83%)
  Teacher newsletters                                        10                      (83%)                          17          (77%)    5  (83%)
  Website                                                    11                      (92%)                          15          (68%)    5  (83%)

\*Each year, schools report whether or not they utilized each available HealthMPowers resource. Resources have been grouped into the above categories. Frequencies above refer to number of schools per cohort reporting any usage of a resource in the indicated category.

^†^These activities were offered only to Year 3 schools and select Year 2 schools. Therefore, only usage by Year 3 schools is reported.

![**Changes in self-reported student knowledge and behaviors.** Changes in student performance on a test measuring healthful behaviors, self-efficacy, and nutrition- and physical activity-related knowledge, administered during the fall (pre) and the spring (post) of 2012 and 2013, respectively, for students from a cohort of 22 schools starting the HealthMPowers program in 2011--2012 and providing data on student knowledge and behavior, fitness measurements (BMI, PACER test), HealthMPowers resource usage, and school policies and practices.](1479-5868-11-78-1){#F1}

Program impact on student body composition and fitness levels was measured via changes in BMI-for-age Z score and performance on the PACER fitness test. Given that it has been shown that gender and baseline weight status may affect changes in fitness, we stratified BMI-for-age results on cohort, grade, gender, and baseline weight status. For students in the 2011--2012 cohort, the magnitude of change during the 2012--2013 school year was greatest for students that were overweight or obese at baseline, with significant decreases in BMI-for-age Z score observed for both boys and girls in 4th and 5th grades (Figures [2](#F2){ref-type="fig"}--[3](#F3){ref-type="fig"}). This pattern was repeated for other cohorts and years. Generally, the magnitude of BMI-for-age Z change was slightly greater for 4th graders. (Data available upon request). Increases in cardiovascular fitness were measured via performance on the PACER test, and were significant for all grades and cohorts (Table [4](#T4){ref-type="table"}). Fifth-graders from the 2010 cohort had a greater percentage of students improve than fourth-graders from the same cohort during the 2012--2013 year.

![**Changes in BMI-for-age Z score for students overweight at baseline.** BMI-for-age Z score, measured during the fall (pre) and the spring (post) of 2012 and 2013, respectively, for students overweight at baseline (fall measurement), from a cohort of 22 schools starting the HealthMPowers program in 2011--2012 and providing data on student knowledge and behavior, fitness measurements (BMI, PACER test), HealthMPowers resource usage, and school policies and practices. Paired two-sample t test used to evaluate changes in pre vs. post BMI-for-age Z score. Alpha=0.0005.](1479-5868-11-78-2){#F2}

![**Changes in BMI-for-age Z score for students obese at baseline.** BMI-for-age Z score, measured during the fall (pre) and the spring (post) of 2012 and 2013, respectively, for students obese at baseline (fall measurement), from a cohort of 22 schools starting the HealthMPowers program in 2011--2012 and providing data on student knowledge and behavior, fitness measurements (BMI, PACER test), HealthMPowers resource usage, and school policies and practices.](1479-5868-11-78-3){#F3}

###### 

Changes in student performance on the PACER test, measured in fall (pre) and spring (post), by grade, year, and cohort, for 40 schools providing data on student knowledge and behavior, fitness measurements (BMI, PACER test), HealthMPowers resource usage, and school policies and practices

                          **Average \# of laps completed**   **Student-level change (pre to post)**                                                        
  ---------------------- ---------------------------------- ---------------------------------------- ---------------- ----------- ---------- ------------- ----------------
  **2012-2013 Data**                                                                                                                                               
  *  2012-2013 Cohort*                                                                                                                                             
     4th grade                          19.0                                  21.4                    ***\<0.0001***   481 (57%)   62 (7%)     303 (36%)         0.02
     5th grade                          22.5                                  24.5                    ***\<0.0001***   490 (56%)   98 (11%)    294 (33%)   
  *  2011-2012 Cohort*                                                                                                                                             
     4th grade                          22.2                                  24.7                    ***\<0.0001***   876 (62%)   104 (7%)   439 (30.9%)        0.48
     5th grade                          25.5                                  28.3                    ***\<0.0001***   839 (62%)   83 (6%)     423 (32%)   
  *  2010-2011 Cohort*                                                                                                                                             
     4th grade                          17.5                                  25.3                    ***\<0.0001***   245 (66%)   36 (10%)    89 (24%)     ***\<0.0001***
     5th grade                          19.1                                  26.3                    ***\<0.0001***   259 (81%)   21 (7%)     40 (13%)    
  **2011-2012 Data\***                                                                                                                                             
  *  2010-2011 Cohort*                                                                                                                                             
     5th grade                          16.6                                  19.0                    ***\<0.0001***   188 (65%)   35 (12%)    66 (23%)            

\*Data not available for 4th graders in the 2010--2011 cohort in 2011--2012. Data not available for 2011--2012 for the 2011--2012 cohort.

^†^Paired two-sample t-tests used to evaluate significant differences in pre as compared to post measurements. Chi squared tests used to evaluate differences in student-level change by grade. Alpha = 0.0005.

At the school level, we observed improvements in school-wide health practices and policies over time, with scores reaching the target zones set by HealthMPowers (Table [5](#T5){ref-type="table"} shows data for the 2011 cohort; other data available upon request). Scores for Family Engagement and School Health Team Activity showed the greatest increases, by 65% and 71% from baseline, respectively, for this cohort.

###### 

Mean (SD) scores in self-reported scores for school policies and practices, from 2011--2012 to 2012--2013, for the cohort of 22 schools starting the HealthMPowers program in 2011--2012 and providing data on student knowledge and behavior, fitness measurements (BMI, PACER test), HealthMPowers resource usage, and school policies and practices

                                                **Student health programming**   **Physical education & physical activity**   **Staff wellness**   **Family engagement**   **School health team**   **School environment**   **Overall school**
  --------------------------------------------- -------------------------------- -------------------------------------------- -------------------- ----------------------- ------------------------ ------------------------ --------------------
  **Baseline\***                                30.1 (9.3)                       27.8 (9.2)                                   13.2 (4.3)           12.1 (5.3)              10.1 (6.3)               18.2 (7.4)               111.5 (31.8)
  **2011-2012 (post)**                          34.4 (6.0)                       26.6 (4.9)                                   18.9 (4.9)           16.7 (4.8)              15.3 (6.2)               19.3 (5.7)               131.2 (20.3)
  **2012-2013**                                 38.8 (8.1)                       34.2 (7.2)                                   18.6 (4.5)           19.9 (5.5)              17.2 (6.8)               25.8 (8.3)               154.5 (26.7)
  **P-value (baseline to 2012--2013)**^**†**^   0.0021                           0.0057                                       ***0.0008***         ***\<0.0001***          0.0012                   0.0025                   ***\<0.0001***

\*Baseline measurement is taken in 2011--2012 before the school begins implementing the HealthMPowers resources. Schools self-rate each year during the fall and again during the spring, describing their policies and practices. These are then scored against a target zone. Domains measured include student health programming (e.g., whether students are engaged in regular health education), physical education and activity (e.g., frequency with which PE class is offered), staff (e.g., whether health is discussed at staff meetings), family (e.g., whether families are provided with health information), School Health Team (e.g., whether a team has been convened, has had meetings), and school environment (e.g., has made policy or environmental changes such as removing vending machines selling sugar-sweetened beverages). Scores are totaled to come up with an overall assessment of how well the school's policies and practices promote health.

^**†**^Paired two-sample t test. Alpha = 0.0005.

Discussion
==========

In this evaluation of 40 schools participating in the HealthMPowers program, we observed significant improvements over time in student health-related knowledge, self-efficacy, and behaviors; student fitness as measured by BMI-for-age and performance on the PACER test; as well as in school policies and practices. Improvements were stronger in the first two years of the program as compared to the third year. We hypothesize several potential explanations for this difference: there could be a threshold reached beyond which improvement is more difficult to achieve, or the small sample size in this cohort could contribute to random error which could obscure a true effect.

Although our study design, without a control group, precludes direct comparison with some other programs studied, our results are comparable to those found by similarly comprehensive programs that incorporate not only classroom health education lessons and increased opportunities for physical activity, but also involve school staff and families in promoting and reinforcing positive behaviors. One program consistent with this philosophy is the *Healthy Schools Program*, a four-year program that involves the formation of a "school wellness council", completion of an assessment, action planning, and technical assistance and implementation support (online tools, "train the trainer" sessions for teachers) to enable improvements in school environment to support health (e.g., PA opportunities for students, staff wellness, availability of nutritious food) \[[@B26]\]. An evaluation of that program in 2012 showed that participating schools demonstrated significant improvements in employee wellness, school meals, health education and physical activity, as well as policies and systems \[[@B26]\]; however, no assessment was made of student-level knowledge or fitness outcomes and, as in the present report, this analysis lacked a control group. Another program involving the creation of school-specific action plans was assessed using a quasi-experimental design in 18 Swedish schools; this study indicated significant improvements of school policies and practices, but did not show any significant differences between intervention and control groups in student-level outcomes such as behavior or BMI \[[@B27]\]. The *Alberta Project Promoting active Living and healthy Eating* (*APPLE*) program utilizes "School Health Facilitators", individuals placed in each school to address the specific school environment---including facilitators and barriers to healthful policies, practices, and behaviors---and engage stakeholders at all levels, from parents, to students, to staff \[[@B28]\]. A 2012 evaluation of this three-year intervention, in comparison to a set of randomly selected non-intervention schools in Alberta, found not only improvements in student behaviors (e.g., increased fruit and vegetable consumption, increased physical activity), but also decreases in weight \[[@B28]\]. The *Action Schools! BC* intervention similarly provides support to schools to customize the inclusion of health education and physical activity promotion into school curricula, while also making environmental changes (e.g., modifications to playground equipment) and engaging family and community members \[[@B29]\]. When evaluated in 2011 using a pre-post design similar to our own, this program was shown to increase aerobic fitness in students over the course of seven months, though few other significant changes were seen in student-level indicators (no significant changes in physical activity or BMI-for-age Z scores, for example) \[[@B29]\]. Other comprehensive school-based programs also showed significant effects across some or all measures, although they were not tailored to specific schools, as were the above examples (and the HealthMPowers initiative). Reviews suggest that, at minimum, effective programs must incorporate increased opportunities for physical activity in addition to physical and health education classes, and that behaviors are easier to change than fitness levels (rev. in \[[@B7],[@B13],[@B30]\]), although changes in student fitness did occur with the HealthMPowers program. (However, it must be noted that PACER results are not directly comparable to other measures of fitness such as the one-mile run). Further, a whole-school approach in line with the WHO-recommended health promoting school framework \[[@B31],[@B32]\] appears to generate better student outcomes than a focused intervention where activities are confined to the classroom or physical education class.

This analysis has at least four strengths. First, student-level data was obtained not only on knowledge and behaviors, but also on BMI and aerobic capacity (as measured by the PACER test), enabling analysis of the program's effect on student body composition and fitness. Second, student-level data were supplemented by school-level assessments of policies and practices, providing insight into how school environments change over the course of the HealthMPowers program. Furthermore, we were able to include data from multiple cohorts of schools, enabling us to look at the effect of the program over time. Lastly, the fact that this was an effectiveness study rather than an efficacy study strengthens the applicability of the findings to everyday practice. These results represent the effect of the HealthMPowers program as implemented in a real-world setting with a diverse student body, enhancing the generalizability of these results to other public school settings.

Despite these strengths, there are at least five limitations. First, and most significantly, although baseline data was collected for each school, there were no control schools, introducing the possibility that observed differences were due to secular changes over time. However, given that significant changes were observed across cohorts (i.e., year-on-year changes were observed regardless of start year), we feel that this is not likely to explain our findings. Additionally, although changes in student height and weight are to be expected over time, utilization of a BMI-for-age Z score takes into account this natural variation by age. Furthermore, recent data suggests that prevalence of obesity (defined, for children, by BMI-for-age measures) among elementary-school-aged children is remaining steady over time \[[@B2]\], making secular changes an unlikely explanation for the decreases seen in BMI-for-age Z score. We did do a sensitivity analysis with change in BMI, and found a mix of increases and decreases in BMI among the different strata of children overweight or obese at baseline (magnitude range: −0.28 -- 0.51, mean change 0.16). All changes were nonsignificant. Given the age of the children (mean age 10.8), we would expect a slight increase in BMI over the course of the school year \[[@B33]\]. While student aerobic capacity will also increase naturally over time, the fitness recommendations based on PACER performance don't change between the ages of 10 and 11 (mean age in our cohort was 10.8 years), and average student performance (upon which criteria are based) changes very little from ages 11 to 12 \[[@B34]\]. A second limitation is that due to the data collection design, we were unable to follow individual students from year to year. Thirdly, not all participating schools provided data on all indicators of interest; however, schools that did not provide data were similar demographically to schools that did provide data, with the exception of the mean percentage of students receiving free or reduced lunch (p = 0.025; although the mean total number of students receiving free or reduced lunch was not significantly different by inclusion status: p = 0.878). Another limitation is that the measurement of school-level changes was performed with the CITT instrument, which has not been separately validated despite having been used by HealthMPowers for over ten years. However, a sensitivity analysis comparing student outcomes between schools with above-average improvement as measured by CITT and schools with below-average improvement did uncover substantial differences in changes in student weight status, which helps to support the validity of the CITT. Specifically, students from above-average improvement schools experienced a −0.08 point decrease in BMI-for-age Z score, as compared to a −0.04 decrease among students from schools with below-average improvement (p = 0.0016). Similarly, students from above-average schools gained only 0.17 BMI points as compared to 0.28 BMI points in students from below-average schools (p = 0.02). Assessment of inter- and intra-rater reliability of the CITT, as well as test-retest reliability, is currently being undertaken at the time of publication; validity studies are also being considered. Lastly, this study is limited by the fact that student behavior data were self-reported, while PACER and BMI data were collected by teachers as opposed to health professionals or study staff. However, HealthMPowers has trained school staff in how to correctly collect PACER, height, and weight data, and also provides annual refresher training to schools. Further, a comprehensive fitness assessment manual was developed by HealthMPowers for the Georgia Department of Education, and an electronic version is available on the Georgia Department of Education's website. Unfortunately, budget limitations precluded use of accelerometers or pedometers to objectively measure student physical activity.

Although this study contributes to the body of knowledge on childhood obesity prevention, some gaps remain to be addressed. Future research should focus on which specific elements of school-based programs are most effective in changing student behaviors and fitness levels---for instance, what is the contribution of a School Health Team? How does family engagement factor into student-level outcomes? While some randomized trials (e.g., Williamson et al. \[[@B7]\]) have attempted to assess the effect of primary prevention (environmental modification) compared to primary plus secondary prevention (education), few studies have specifically looked at the comparative effectiveness of program elements in detail. Additionally, more studies are needed that follow children enrolled in long-term (more than six-month) interventions over the course of several years. Lastly, given the potential connections between physical fitness and academic performance \[[@B9],[@B10]\], future research should measure academic performance as an outcome of increased levels of physical activity during the school day. Future research on the HealthMPowers program specifically could include following individual children across years, as well as assessing other outcomes such as academic performance.

Considering the HealthMPowers program along the RE-AIM (Reach, Efficacy, Adoption, Implementation, Maintenance) framework also provides a helpful way to assess its overall public health impact \[[@B35]\]. As discussed above, HealthMPowers reached nearly 40,000 students over the course of the 2012 -- 2013 school year, representing substantial reach. Although efficacy has not been demonstrated in a randomized controlled trial, the program's effectiveness in improving student- and school-level health indicators has been shown in the above analysis. Adoption is by definition high given that this was an evaluation of already-participating schools. Further, given that this was an evaluation of an existing program, the results demonstrated reflect the current level of implementation and that level which would be expected in similar settings with similar resources. Maintenance (extent to which a program is sustained over time) is demonstrated with HealthMPowers by the fact that many schools choose to continue working with HealthMPowers even after the three-year program has finished, and the fact that few drop out. An analysis of sustainability conducted early in HealthMPowers's history demonstrated that two years after its programming ceased in 12 schools, all of the schools continued to provide daily physical activity, annual fitness testing of students, and worksite health promotion activities for school staff. Eleven of the 12 schools continued to engage students in goal-setting and implementing a plan to improve their health-related fitness, to involve families in supporting their child's self-improvement plan, and to make environmental and policy changes necessary to align health programming and practice \[[@B36]\].

Conclusions
===========

The present report demonstrates the effectiveness of the HealthMPowers program in producing positive change in self-assessed school policies and practices, student knowledge and behaviors, and student body composition and fitness. This suggests that comprehensive, tailored, and whole school-based programs incorporating health education, physical education, supplemental physical activity, and staff and family involvement can have a significant impact on child health and fitness. In an era where child obesity is of increasing concern, it is critical to identify effective prevention programs. Future research should focus on specific program elements that are most impactful, as well as employ measures to track individual students as they participate in long-term interventions over time.
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